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(54)Tltie: WOUND DRAINAGE EQUIPMENT 




(57) Abstract 

A therapeutic appara^ is disclosed for stimulating healing of a wound in mammals^ The apparatus comprises a porous foamed pad 
(36) connected by a tube (37. 38) to a canister (19). A vacuum pump is located widiin a housing having a recess (18) for receiving the 
canister. A bacterial filter (46) positioned over the outlet of *e canister prcHects die vacuum pump ftom contamination by wound drainage 
fluids sucked into the canister. 
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WOUND DRAINAGE EQUIPMENT 

The present invention relates to the healing of wounds and, more 
particularly, but not by way of limitation, to an apparatus for closing wounds 
that is compact, self-contained, and includes a disposable wound fluids canister 

Wound closure involves epithelial and subcutaneous tissue adjacent the 
wound migrating towards the centre of the wound until it closes. Unfortunately, 
closure is difficult with large wounds or wounds that have become infected. In 
such wounds, a zone of stasis (i.e. an area in which localized swelling of tissue 
restricts the flow of blood to the tissues) forms near the surface of the wound 
Without sufficient blood flow, the epithelial and siAcutaneous tissues 
surrounding the wound not only receive diminished oxygen and nutrients, but 
are also less able to successfully fight bacterial infection and, thus are less able 
to close the wound naturally. Such wounds have presented difficulties to 
medical personnel for many years. 

The most common technique for closing open wounds has been the use 
of sutures or staples. Although such mechanical closure techniques are widely 
practised and often effective, they suffer a major disadvantage by providing 
tension on the skin tissue adjacent the wound. That is, the tensile force 
required to achieve closure using sutures or staples causes very high localized 
stresses at the suture or staple insertion point. Such stresses commonly result in 
the rupture of the tissue at those points, which csui eventually cause (tehisccnce 
in wounds, providing additional tissue loss. 

Moreover, some wounds harden and inflame to such a degree due to 
infection that closure by stapling or suturing is not feasible. Wounds not 
reparable by suturing or stapling generally require prolonged hospitalisation. 
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with its attendant high cost, and major surgical proi^dures, such as grafts of 
surrounding tissues Examples of wounds not readily treatable with staples or 
suturing include large, deep, open wounds, decubitus ulcers, ulcers resulting 
from chronic osteomyelitis, and partial thickness bums that subsequently 
develop into full thickness bums. 

The above problem is discussed in WO 93/09727 which proposes as a 
solution a procedure for draining the wound by applying a continuous negative 
pressure to the wound over an area sufficient to promote migration of epithelial 
and subcutaneous tissue toward the wound. Although WO 93/09727 deals in 
some detail with the clinical considerations of this kind of treatment, the 
apparatus described has certain poactical shortcomings. 

One problem with the apparatus described in the above prior document 
is that no means are disclosed for avoiding spread of infection from one patient 
to another or re-infection of the patient being treated. 

In accordance with the present invention, there is provided a therapeutic 
apparatus for stimulating healing of wounds, said apparatus including a housing 
that contains a vacuum pump and a chamber for holding a disposable wound 
drainage collection canister. The canister preferably resides within the 
chamber and connects at an outlet with the vacuum pump and at an inlet with a 
porous pad. The pad is placed over a wound and adhesively secured tfiereto to 
create a sealed environment at the wound. TTius, v*en the vacuum pump 
activates, it evacuates air from the canister and thence the wound environment, 
resulting in the application of negative pressure to the wound, which in turn 
tends to promote drainage of fluids flowing from the wound into the canister. 
After the canister is filled, it is removed from Ae chamber, disposed of, and 
replaced with another canister to continue therapy. 
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Although the vacuum pump is designed to be reusable because of its 
more costly components, the appm-atus utilizes a removable and disposable 
canister adapted to prevent contamination of the vacuum pump or the remainder 
of the apparatus. If the vacuum pump or other parts of the housing or the 
tubing leading to the pump from the canister became contaminated, the wound 
closure apparatus would have to be completely disassembled, thoroughly 
cleaned and possibly discarded Disassembly and cleaning of the wound 
closure apparatus is extremely time and labour intensive, while disposal of the 
wound closure apparatus is expensive. Consequently, a removable and 
disposable canister prevents either of the above undesirable circumstances from 
occurring. 

It is, therefore, an object of the present invention to provide a wound 
closure apparatus that closes wounds without stressing the surrounding skin. 

It is another object of the present invontion to render technology like that 
disclosed in WO 93/09727 available in a convenient, compact and self- 
contained, efficient and economically feasible system. It is also an object to 
optimize the safety and effectiveness of such a device, particularly from an 
infection control standpoint. 

It is a further object of the present invmtion to provide a wound closure 
apparatus that includes a removable and disposable wound fluids collection 
canister to protect the wound closure apparatus from contamination. 

Still other objects, features and advantages of the present invention will 
become evident to those skilled in the art in light of the following. 

Figure 1 is a perspective view depicting the vacuum pump imit of a 
wound cl<^ure apparatus constructed according to the teachii^ of the present 
invention. 



WO%A>5873 



4 



PCT/GB9S/01983 



Figure 2 is a right side plan view depicting the vacuum pump unit of 
Figure I. 

Figure 2A is a detail view of the latch 26 portion of Figure 2, partially 
cut-away to eliminate guide (or "key") 29 from the view and to show portions of 
latch 26 in sagiuU cross sectioa 

Figwe 3 is a perspective view depicting a wound drainage collection 
canister for use in conjunction with the vacuum pump unit of Figure 1 . 

Figure 4 is a rear plan view depicting the wound drainage collection 
canister of Figure 3. 

Figure 5 is a perspective view depicting the connection of a wound 
drainage collection canister of Figure 3 to a wound pad 

Figure 6 is a front plan view in partial cross section depicting the 
connection of the wound drainage collection canister of Figure 3 within the 
housing of the vacuum pump of Figure I. 

Figure 6A is a partial view of tiie apparafois showi in Figure 6 except the 

canister is removed. 

Figure 7 is a perspective view depicting the filter carrier of the wound 

draiiii^ collection canister. 

Figure 8 is a top plan view (tepicting Ac filter cap of the wound drainage 

collection canister. 

Figure 9 is a schematic view depicting the control system for a wound 
closure apparatus constructed according to the teachings of the present 
invention, and 

Figure 10 is a sectimi throu^ a wound showing the wound pad in jrface. 
As illustrated in Figures I and 2, front housing 11 and rear housing 12 
connect together using any suitable means such as screws and festeners to 



wo 96^5873 



5 



PCT/GBM/01983 



provide wound closure vacuum pump 10 with a smalU compact, and easily 
portable carrying case. Consequently, front housing 11 smd rear housing 12 
connect together to form handle 13 that permits easy carrying of wound closure 
apparatus 10. Except as maybe otherwise evident from this description, the 
carrying case of vacuum pump 10 is substantially as described and shown in 
WIPO Design No. DM/032185, 

Front housing 1 1 includes power switch 15 that is movable between an 
on and off position to permit user control of the delivery of power to wound 
closure apparatus 10, Keypad 16 and liquid crystal display (LCD) 17 mount to 
front housing 1 1 to permit the programming of wound closure apparatus 10. 
Chamber 18 is defined by integrally formed interior side walls 100 and 101, top 
wall 102, bottom wall 103 and rear wall 104 Side wall 100 is dependently 
attached to the interior of front housing 11 by standard mounting hardware (not 
shown). The would fluids collection canister, illustrated in Figures 3-5, is 
received within chamber 18. Side walls 100 and 101 each include a key 29 and 
30, respectively, the aid in the alignment of wound fluids collection canister 19 
within chamber 18. Furthermore, front housing 11 includes latch 26 to seciu^e 
the wound fluids collection canister within chamber 1 8. 

Rear housing 12 includes arm 14 pivotally mounted to it within recess 
110. An identical arm pivotally mounts to the opposite side of rear housing 12 
within an identical recess. Arm 14 and its corresponding arm mounted on the 
opposite side of rear housing 12 pivot from within their recesses to a position 
where they support wound closure apparatus 10 at an angle. Arm 14 and its 
corresponding arm angularly support wound closure apparatus 10 to permit 
easier user access to keypad 16. Arm 14 and its corresponding arm may also be 
used to permit hanging of apparatus 10 from a hospital bed foot board. 
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Canister 19 has a shape as shown in Figures 3 to 6. As illustrated in 
Figures 3 to 6, canister 19 includes sidewalk 20 and 21, top wall 23, bottom 
wall 24, back wall 22 and front wall 25 that define the rectangular chamber for 
receiving blood, pus, and other fluids emitted from a wound. Sidewalls 20 and 
21 include keyways 27 and 31 respectively, that receive a respective one of keys 
29 and 30 to provide easy alignment of canister 19 within chamber 18. 
Furthermore, keyway 27 includes recess 28 that receives latch 26 to fasten 
canister 19 within chamber 18. 

Front wall 25 of canister 19 includes raised portion 32 extending 
therefrom to furnish a vrindow that permits a user to determine the level of 
wound fluids within canister 19. Accordingly* raised portion 32 is transparent 
so that the level of wound fluids within canister 19 may be visually determined. 
Raised portion 32 includes sidewalls 110 and 111, top wall 112, bottom wall 
113, and front face 114 that define a chamber which opens into the chamber 
deflned by sidewalls 20 and 21, top wall 23, bottom wall 24, back wall 22 and 
front wall 25 of canister 19. Front ffiwje 114 of raised portion 32 includes 
graduations that demarcate the volume of wound fluid within canister 19. 
Additionally, sidewalls 110 and 111 of raised portion 32 include ridges that 
provide a grippii^ surface for the user during the insertion and removal of 
canister 19 from chamber 18. 

Although raised portion 32 is transparent to permit the determination of 
the level of wound fluids within canister 19, sidewalls 20 and 21, back wall 22, 
top wall 23, bottom wall 24, and front wall 25 arc opaque or textured so that 
they are only translucent As an alternative, the portions of canister 19 
surrounding filter 46 may also be transparent. This enables a user to visually 
check for signs of contamination of filter 46, In ftis preferred embodiment. 
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sidewalls 20 and 21, back wall 22, top wall 23, bottom wall 24, front wall 25, 
and raised portion 32 of canister 1 9 are fabricated firora a plastics material. 

Canister 19 includes inlet 35 that is fonned integrally with top wall 112 
of raised portion 32. Inlet 35 is cylindrical in shape and communicates with the 
interior of canister 1 9 to permit the transfer of wound fluids into csmister 1 9. In 
this preferred embodiment, inlet 35 is also fabricated from a plastics material. 

In order to prevent liquids sucked into the canister from splashing 
directly onto cap 49, which masks the outlet 44, and to reduce foaming within 
the canister, inlet 35 has a blind inner end. Inlet 35 has a slot 35A so that 
drainage fluid is deflected downwardly into the raised handle portion 32 of the 
canister. Handle portion 32 may conmiunicate wiA the main part of the 
canister through one or more holes in wall 25. It is desirable to avoid foaming 
because this can give a false reading when a capacitance sensing device is used 
to sense v^en the canister is filled. An anti-foaming material, e.g. a silicone 
may be added to the canister, e.g. by coating the interior walls. It may also be 
advantageous to include a gel*fonning substance, e.g. a polyacrylamide or 
modified starch in order to immobilise the drainage fluid. This is particularly 
useful if the apparatus is likely to be tilled 

Wound fluids (i.e. drainage) are communicated through inlet 35 into 
canister 19 via pad 36 and hoses 37 and 38. In this preferred embodiment, pad 
36 is fabricated from an open cell polyurethane or polyether foam. Hose 37 is 
inserted within pad 36 by making an mcision in pad 36 and inserting the end of 
hose 37. Hose 37 can then be secured within pad 36 using wy suitable means 
such as an adhesive or a flange. Preferably, die foam pad is moulded or formed 
with an elongated hole for the <&ainage tube which is an interference fit with the 
tube. The hoses are preferably made from medical grade PVC tube. Hose 38 
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inounte within inlet 35 using any suitable means such as an adhesive or welding. 
Hoses 37 and 38 include luer lock connectors 39 and 40, respectively, (or the 
equivalent such as any known quick disconnect type coupling) that attach 
together to permit communication between hoses 37 and 38. Funhermore, 
hoses 37 and 38 include pinch clamps 41 and 42, respectively, that are capable 
of sealing their respective hose 37 or 38 to prevent the flow of wound fluids. 
The foam pad is preferably packaged in a sterile container together with its 
connector and clamp. When packaged, the clamps will be in their open 
condition. 

The communication of wound fluids into canister 19 requires the 
securing of pad 36 over a wound. Pad 36 is secured over a wound using cover 
43 which is fabricated from a plastics material and includes an adhesive on one 
side that sticks to human skin. Wound cover 43 is conveniently a surgical 
drape material comprising a sheet of elastomeric material coated peripherally or 
overall with a pressure-sensitive adhesive, such as an acrylic adhesive. The 
elastomeric or rubbery nature of the wound cover is important because it 
accommodates changes in pressure in the wound area during intermittent 
operation of the vacuum pump. The wound cover is preferably a polyurethane 
film with a remo>^ble backing sheet, i.e. of polythene to protect the acShesive 
sur&ce. 

A high degree of reticulation in the polymer foam is desirable to achieve 
good permeability when the foam is under suction. Foams having at least 90% 
and especially at least 95% of interconnecting cells are preferred. 

In use, the foam pad is cut to a size vAiich corre^XHids closely to the 
edge of the wound with the objective of packing the foam into the wound cavity 
210 so that it contacts the surface of the cavity, rather than bridging the cavity. 
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As depicted in Figure 10, the cavity may be extensive and there may be little or 
no tissue coverage to the bone 212. This is illustrated dis^rammatically in 
Figure 10. Figure 10 is a cross-section through a wound showing the foam pad 
36 packed into the wound cavity 210. It is important that the foam should be 
firmly packed into the recesses of the wound cavity. Drainage tube 37 
terminates within the centre of the foam pad 36. Surgical drape 43 extends 
over the foam pad and is adhered to intact skin 21 1 around the periphery of the 
wound. Drape 43 is also firmly adhered around the tube 37 to prevent leakage 
of air. A wound cover is then adhered to the surrounding skin and around the 
drainage tube to provide an air^-tight seal around the wound. 

As illustrated in Figures 2» 4 and 6, canister 19 includes outlet 44 tfiat 
mounts over port 45 to permit wound closure apparatus 10 to draw wound fluids 
into canister 19. Outlet 44 is cylindrically shaped and formed as an integral 
part of back wall 22 by outer wall 33 and iimer wall SO which are 
interconnected by end wall 34. Passageway 52, defined in part by interior wall 
50 and in part by filter cap 49, provides the actual conduit for outlet 44 between 
the interior and exterior of canister 19. The placement of canister 19 within 
recess 18 such that outlet 44 resides over port 45 couples canister 19 to a 
vacuum pump. The vacuum pump removes air fi'om canister 19 to create 
vacuum pressure within canister 19. That vacuum pressure is then tran^itted 
to a wound site through hoses 37 and 38, thereby not only enabling therapeutic 
lise of system 10, but also tending to promote wound drainage. Any wound 
drainage fluid is then drawn through pad 36 and hoses 37 and 38 into canister 
19, 

Outlet 44 resides near top wall 23 of canister 19 to ensure efficient 
operation of the vacuum pump. That is, the vacuum pump removes the most 
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air from canister 19 when the air does not have to first bubble through wound 
fluids contained in canister 19. Consequently, with outlet 44 positioned near 
the top of canister 19, the vacuum pump removes air directly from canister 19, 
and it is only during the final filling of canister 19 that air must bubble through 
wound fluids. Preferably, as described below, the apparatus includes detecting 
and warning means which operates before the level of the drainage fluid reaches 
either the inlet or outlet tube so that a fresh canister can be installed 

In removing fluids from a wound utilizing wound closure apparatus 10, a 
major safety concern is preventing wound fluids from contaminating the 
vacuum pump. Accordingly, filter 46 mounts over outlet 44 utilizing filter 
carrier 48 and filter cap 49 to block the flow of wound fluids to outlet 44 so that 
wound fluids remain within canister 19 and do not flow into the vacuum pump. 
In this preferred embodiment, filter 46 is a 0.2 micron hydrophobic membrane 
filter providing a bacterial barrier, although other filters may be substituted as 
ai^opriate. 

As illustrated in Figure 7, filter carrier 48 includes face 53 formed 
integrally with lip 54. Face 53 includes groove 56 formed therein, while lip 54 
supports brace 55 in its interior. Filter 46 fite within groove 56 of face 54 and 
is supported within filter carrier 48 by brace 55 of lip 54. An 'O' ring 53 A is 
fitted in peripheral recess of filter canier 48 to accommodate manufacturing 
tolerances and ensure a fluid tight seal in filter cap 49. 

As illustrated in Figures 6 and 8, filter cap 49 includes cylindrical 
portions 57 and 58 v^ich are formed integrally (with annulus 57 spanning 
therebetween), to hold filter carri«- 48 within passageway 52 of outlet 44. To 
mount filter 46 over passageway 52, filter 46 is first placed within filter carrier 
48 as described above. Filter carrier 48 is then positioned within filter cap 49 
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such that face 53 abuts annulus 57 of filter cap 49 and lip 54 of filter carrier 48 
resides within annular lip 50* of outlet 44, Accordingly, when cylindrical 
portion 57 of filter cap 49 mounts over outlet 44, the front face 53 of filter 
carrier 48 and the outer edges of filter 46 abut annulus 57 to secure fitter 46 
within passageway 52. Filter cap 49 attaches to oudet 44 using any suitable 
means such as an adhesive or welding. Filter cap 49 is completely sealed 
except for aperture 51 positioned on top of filter cap 49. Aperture 51 
communicates with port 45 via passageway 52 of outlet 44 to permit the vacuum 
pump to draw air from the interior of canister 19. 

As illustrated in Figures 2 and 6, port 45 includes O-ring 59 mounted 
thereabout to iM-ovide a fluid tight seal between port 45 and inner wall 50 of 
outlet 44. Port 45 mounts through rear wall 104 of chamber 18 using any 
suitable means such as nuts 60 and 61. Furthermore, hose 62 attaches to the 
rear of port 45 using any suitable means such as a clamp to couple port 45 to the 
vacuum pump. 

Switch 63 protrudes throu^ rear wall 104 of chamber 18 to produce a 
signal indicating when canister 19 properly and securely resides within chamber 
18. In this preferred embodiment, switch 63 is a normally open push button 
switch that mounts on rear wall 104 of chamber 18 using any suitable means 
such as a bracket When canister 19 is properly positioned within chamber 18, 
its rear wall 22 presses the head of switch 63, closing switch 63 so that it 
provides a signal indicating that canister 19 properly resides within chamber 18. 

Fill sensor 64 resides adjacent side wall 101, exterior to chamber 18. Fill 
sensor 64 provides a signal that indicates ^^en canister 19 is filled with wound 
debris. In this preferred embodiment, fill sensor 64 is a capacitive sensor that 
mounts on side wall 101 of chamber 18 using any suitable means such as a 
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bracket or appropriate adhesive material. Fill sensor 64 has a sensing profile 
64A which determines the point at which the capacitance measurement is made. 
When wound fluids have reached the level within canister 19 which corresponds 
to the location of the sensing profile 64A, the capacitance within canister 19 as 
'seen* by fill sensor 64 changes, resulting in fill sensor 64 outputting a signal 
indicating that canister 19 is filled with wound fluids to the level at which the 
sensing profile is located. The position of this sensing profile behind wall 101 
can be changed (see Figure 6A) to provide an optimum balance of space and 
volume utility. 

As illustrated in Figure 2A. latch 26 generally comprises latch pin 65, 
handle 66 latch guide sleeve 68A and spring 67. Latch pin 65 comprises a 
proximal end 65 A and distal end 65B. Utch guide sleeve 68A abuts the inner 
surface of fix>nt housing 1 1 and is held securely in place from the outer side of 
front housing I I by nut 68B. Handle 66 screws onto the proximal end 65 A of 
latch pin 65 and is locked in position by nut 69 A. In the jwcfexred embodiment, 
cover 68 over nuts 69A and 68B provi(ks a surfece against which handle 66 
abuts, thus preventing end 65B from excessively entering chamber 18 as will be 
understood further herein. Cover 68 also provides aesthetic enclosure of nuts 
69 A and 68B. Dependent atUK;hment of side wall 100 (chamber 18), as 
described hereinabove, is such that side wall 100 abuts latch guide sleeve 68A 
on the side distal front housing 11. Further, this arrangement causes distal end 
65B of latch pin 65 to project into chamber 18 under the force of spring 67 
(shown partially cut away). Spring 67 reside circumferentially about latch pin 
65 within an axial bore of latch pin guide 68A. Spring 67 exerts force between 
distal end 65B of latch pin 65 and an annulus within the axial bore of latch pin 
guide 68A. A transverse slot in the distal end of latch pin guide 68A receives 
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end 65B of latch pin 65^ providing rotational alignment of end 65B and further 
recess for end 65B when a user "pulls" handle 66 in an axial direction. 

Latch 26 operates to ensure canister 19 remains secured within chamber 
1 8. End 65B of latch 26 terminates in a point that protrudes through key 29 into 
chamber 18. During the placing of canister 19 within chamber 18, key way 27 
of canister 19 forces the point 65B of the latch pin within key 29. However, 
once canister 19 has been properly positioned within chamber 18, recess 28 
resides below latch pin end 65B so that spring 67 biases the point 65B of latch 
pin 65 into recess 28 to prevent the removal of canister 19 from chamber 18. 
The removal of canister 19 from chamber 18 is accomplished by grasping 
handle 66 and pulling the point 65B of latch pin 65 from recess 28. With the 
point of latch pin 65 no longer within recess 28, canister 19 may be pulled from 
chamber 1 8 using its raised portion 32. 

As illustrated in Figure 9, wound closure apparatus 10 preferably plugs 
into a standard 1 15/120 VAC power source (e g. an outlet) to supply power to 
control system 70. Alternative embodiments (not shown, although similar) are 
readily adapted for 220 VAC power by changing the power cord and 
appropriately re-wiring the tops of the transformer within the DC power supply 
71 as is readily know in the art. The ^plication of power to control system 70 
is regulated by power switch 15 which is a standard push button on/off switch. 
With power switch 15 dep»-essed, DC power supply 71 receives the 115/120 
VAC signal and converts it into a 12 VDC signal for use by fan 74 and motor 
83. A conventional voltage regulator 96 steps down the voltage to +5V or 12V 
for use by each of the other DC components 63, 16, 17, 82, 72 and 75. 
Voltage regulator 96 connects to keypad 16, LCD 17, switch 63, microcontroller 
72, transducer 75, and tilt sensor 82 to supply each of them with the +5V DC 
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signal. Microcontroller 72 links to solid state relays (MOSFETs) 97 and 98 for 
controlling the provision of the 12 VDC power supply to fan 74, pump motor 83 
and fill sensor 64, respectively. 

As illustrated in Figure I, once power switch 15 is depressed, a user 
employs keypad 16 and LCD 17 to select the operating parameters for wound 
closure apparatus 10. Wound closure apparatus 10 stores the previously 
selected operating parameters so that upon power initialization, LCD 17 
displays the phrase "NEW PATIENT" with the word "NO" over arrow button 
76, and the word "YES" over anpw button 77. If the user presses arrow button 
76 to answer no, wound closure apparatus 10 will operate at the previously 
selected parameters. After answering no, the user presses on/off button 78 to 
begin operation of wound closure apparatus 10. 

Conversely, if the user presses arrow button 77 to indicate a new patient, 
wound closure apparatus 10 will operate either under default values or allow the 
user to select the operating parameters. To operate under default parameters, 
the user presses on/off button 78 after pressing arrow button 77. However, to 
select his or her own values, the user presses option button 79 after pressing 
arrow button 77. 

Upon the pressing of option buttons 79, LCD 17 displays a bar graph 
representing the spectrum of available vacuum pump pressures and a numerical 
representation of the vacuum pump pressure presently displayed by the bar 
giaf*. The user chants vacuum pump pressure using arrow buttons 76 and 
77. The pressii^ of arrow button 76 reduces vacuum pump fH^ssure, vt^le the 
pressing of arrow button 77 increases vacuum pump pressure. After selecting 
the desired vacuum pump pressure, the user presses option button 79 to save the 
selected vacuum pimip pressure. 
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Once the selected vacuum pump pressure has been saved, LCD 17 
displays the pump operation times available to the user. The user may program 
wound closure apparatus 10 to pump either continuously or intermittently. 
Thus, LCD 17 displays the word "CONTINUOUS" over arrow button 76 and 
"INTERMITTENT" over ^ow button 77. The user selects continuous 
operation by pressing arrow button 76 followed by on/off button 78 to activate 
the vacuum pump. In its continuous mode, wound closure apparatus 10 runs its 
vacuum pump continuously until on/ofF button 78 is pressed again. 

If the user presses arrow button 77 to select intermittent operation, LCD 
17 displays a bar graph or figwes representing the minimum and maximum on 
times for the vacuum pump. LCD 1 7 also displays the phrase "ON TIME" and 
the numerical value presently displayed. A user decreases the on time of the 
vacuum pump by pressing arrow button 76 and increases the on time of the 
vacuum pump by pressing arrow button 77. After selecting the desired on time, 
the user presses options button 79 to save the selected on time value. 

LCD 17 then displays a second bar graph or figures representing the off 
time for the vacuum pump with the phrase "OFF TIME" and the numerical value 
presently depicted by the bar graph. Again, arrow buttons 76 and 77 are 
pressed to increase or decrease, respectively, the ofif time for the vacuum pump. 
After selecting the off time, the user presses options button 79 followed by 
on/off button 78 to operate wound closure apparatus 10 using the selected 
parameters. 

Keypad 16 includes setting button 80 to permit the user to sequentially 
display the currently selected operating fwrameters of wound closure apparatus 
10. Keypad 16 further includes delay button 81 to permit the user to deactivate 
an alarm sounded in response to an improper operating condition of wound 
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closure apparatus 10. Delay button 81 provides the user with the ability to 
silence alarms so that the alarm will not have to be listened to during the 
correction of the problem. 

Any new alarm conditions occurring within the fifteen minute period 
("delay period") after the pressing of delay button 81 will not be indicated by an 
audible alarm. However, the pump will still be deactivated when appropriate, 
even during the delay period. 

Again referring to Figure 9, microcontroller 72 is a multi-port 
microprocessor with a eight-bit analog to digital (A/D) converter having 
associated memory that stores the program directing microcontroller 72 during 
its control of wound closure apparatus 10, After receiving and storing the user 
selected operational parameters and receiving an on signal due to the pressing of 
on/off button 78, microcontroller 72 activates pump motor 83 which, in turn, 
drives vacuum pump 84 to begin the removal of air from canister 19. 

As vacuum pump 84 operates, it draws air from within canister 19, into 
hose 62 via outlet 44 of canister 19 and port 45. Hose 62 connects to filter 85 
and transducer 75 via T-junction 91. Filter 85 is similar to filter 46 and thus 
ensures no wound fluids contaminate vacuum pump 84. Filter 85 
communicates with pump 84 via T-junction 88 and one ann of tiie latter is 
connected to bleed valve 86. Bleed valve 86 communicates with the 
atmosphere to release pressure developed within line 62 by vacuum pump 84 
after microcontroller 72 deactivates vacuum pvmp 84. Bleed valve 86 is 
sufficiently small to ensure that it generally does not affect the vacuum pressure 
levels achieved by vacuum pump 84 as it evacuates air from canister 19, except 
to prevent over pressurisation beyond 250 mmHg and to prevent erratic 
operation of the vacuum pump at very low pressure settings.. 
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In the preferred embodiment, an orifice of 0.5 mm diameter is especially 
preferred for bleed valve 86. Valve 86 or the equivalent is particularly 
important for enabling intermittent application of negative pressure, as the 
orifice allows for gradual release of the negative i^essure (over a period of 
about fifteen seconds) when the pump motor 83 is de-actuated. Bleed valve 86 
is positioned outside housing 1 1 to facilitate im-clogging of aperture 86 iii the 
event of a blockage. An aperture is provided in bleed valve 86, which is 
machined from stainless steel. Flow control orifices would be alternatives. 

Line 62 also includes T-connector 91 to connect it with line 92. Line 
92 is connected to tank 94 which acts as a damper to pressure changes in line 
62. This dampening effect, facilitated by restrictor 89 in line 93 between 
transducer 75 and T-junction 91, causes the pressure measured by transducer 75 
to be an accurate indication of actual wound site i^^essure. Transducer 75 
conununicates with line 62 via line 93 to measure tank 94 pressure and inroduce 
an electrical signal representative of that pressure. Transducer 75 outputs its 
pressure signal to microcontroller 72. 

Microcontroller 72 utilizes the pressure signal to control the speed of 
pump motor 83. As previously described, the user selects either a default 
vacuum pump pressure or a desired vircuum pump pressure for the operation of 
wound closure apparatus 10. After receiving the wound pressure signal from 
transducer 75, microcontroller 72 compares the wound pressure writh the user 
selected pressure. If the wound pressure is higher than the user selected 
vacuum pump pressure, microcontroller 72 reduces pump motor speed to 
decrease vacuum pump pressure and thus the pressure at the wound. 
Conversely, if the wound pressure is less than the user selected vacuum pump 
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pressure, microcontroller 72 increases the speed of pump motor 83 resulting in 
an increase in the vacuum pressure applied at the wound 

Microcontroller 72 controls pump motor 83 by varying the amount of 
voltage received by pump motor 83. That is. microcontroller 72 receives the 
12V DC signal from DC power supply 71 and outputs a voltage between 0 and 
12V DC to pump motor 83 to control its speed in accordance with the user 
selected vacuum pump pressure value. Accordingly, microcontroller 72 
employs feedback to ensure that the wound experiences the user selected 
vacuum pump pressure. If the target pressure is not reached after a period of 
five minutes, microcontroller 72 deactivates motor 83 and sounds the audible 
alarm. Additionally, the feedback signal prevents maximum vacuum pump 
pressure from being exceeded. If the wound pressure measured by transducer 
75 exceeds a maximum safe vacuum pump pressure, microcontroller 72 
deactivates pump motor 83. 

Wound closure apparatus 10 includes fism 74 to cool pump motor S3 and 
printed circuit board or chassis 200 during the operation of the wound closure 
apparatus 10, In the preferred embodiment, microcontroller 72 controls fan 74 
to always operate while power is being supplied. In alternative embodiments, 
however, microcontroller 72 controls fan 74 to operate only in relation to motor 
83, because it is only necessary for fan 74 to operate if motor 83 is also 
operating. In such alternative, as long as pump motor 83 operates, 
microcontroller 72 runs fan 74, However, when microcontroller 72 deactivates 
pump motor 83 it also deactivates fan 74. 

Control system 70 includes fill sensor 64 to provide a signal to 
microcontroller 72 that indicates when canister 19 is completely filled with 
wound fluids. After receiving a signal from fill sensor 64, microcontroller 72 



wo 96/05873 



19 



PCT/GB95y01983 



deactivates pump motor 83 and fan 74 and activates alann 95 to signal the user 
that canister 1 9 must be replaced 

Control system 70 includes switch 63 to prevent users from operating 
wound closure apparatus 10 without a canister ixx>perly installed. If a canister 
is not p>roper]y installed, switch 63 remains open and therefore outputs no signal 
to microcontroller 72. If microcontroller 72 receives no signal from switch 63, 
indicating no canister within chamber 18, it will not supply power to pump 
motor 83 even after a user has pressed on/off button 78. Furthermore, 
microcontroller 72 activates alami 95 to signal the user that either a canister is 
not properly installed or is improperly instated within chamber 1 8 when therapy 
is activated. Microcontroller 72 operates pump motor 83 only if switch 63 is 
depressed to provide a signal indicating the proper placement of a canister 
within chamber 18. 

Control system 70 include tilt sensor 82 to prevent operation of wound 
closure apparatus 10 if it is tilted excessively. Excessive tilting of wound 
closure apparatus 10 during operation diminishes the efficiency of removal of 
wound fluids and, more importantly, might result in either the contamination of 
vacuum pump 84 or the spilling of wound fluids. Thus, if wound closure 
apparatus 10 tilts along any of its axes beyond a {redetermined angle 
(approximately 45^ in this preferred embodiment), tilt sensor 82 outputs a signal 
to microcontroller 72. In response, microcontroller 72 deactivates pump motor 
83 and activates alarm 95 to signal the user of the excessive tilt situation. In 
this preferred embodiment, tilt sensor 82 may be implemented with any standard 
mercury switch. The tilt circuiting and alarm operates as follows. If therapy is 
in progress and the pump unit is tilted, the alarm will sound and the liquid 
crystal display 17 will state *unit tilted*. Therapy is automatically stopped. 
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When the unit is returned to the vertical, therapy will be airtomatically reinstated 
after a time delay (e.g. about 30 seconds) has elapsed.. 
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CLAIMS :- 

1. A therapeutic apparatus for stimulating healing of a wound in 
mammals which comprises a porous pad which is permeable to fluids for 
introduction into the wound, a dressing for covering the wound and providing an 
air-tight seal around the wound, a drainage tube connecting the f^d to a suction 
pump so that negative pressure can be applied to the wound, to draw fluids 
therefrom, said tube being connected to the pump via a canister for collecting 
fluids sucked from the wound, and at least one filter being interposed between 
the canister and the pump. 

2. Apparatus as claims in claim 1 herein said filter is located in 
the canister. 

3. Apparatus as claimed in claim 1 or 2 wherein the canister is 
removably attached to a housing for the pump. 

4. Appar^us as claimed in claim 3 wherein the canister is 
removably received in a recess in the housing. 

5. Apparatus as claimed in any one of the preceding claims which 
includes means for detecting when said canister is substantially full with fluid. 

6. Apparatus as claimed in claim S wherein said means com^nises 
capacitance sensing means arranged to sense a change of capacitance as said 
canister fills with liquid 

7. Apparatus as claimed in any one of the preceding claims wherein 
said pad is a polymer foam having interconnecting cells. 

8. Apimatus as claimed in claim 7 wherein the foam is a reticulated 
foam having at least 90% of interconnecting cells. 

9. Apparatus as claimed in claim 8 wherein said foam has at least 
95% of interconnecting cells. 
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10. Apparatus as claimed in claim 7, 8 or 9, wherein said drainage 
tube is fitted into the interior of the foam as an interference fit. 

11. Apparatus as claimed in any one of claims 7 to 10 wherein said 
foam is a polyether f<^m. 

12. Apparatus as claimed in any one of the preceding claims in 
which said dressing is an elastomeric film which is coated at least in the 
peripheral areas with a pressure-sensitive adhesive. 

13. Apparatus as claimed in claim 12 wherein said film is a 

polyurethane film; 

14. Apparatus as claimed in any one of the preceding claims which is 

adapted to apply continuous or intermittent suction to die wound. 

15. Apparatus as claimed in claim 14 wherein a bleed device is 
provided between the canister and the pump to permit release of negative 
pressure during intermittent operation. 

16. A sterile pack for use in conjimc^on with a vacuum pump and 
canister for stimulating wound healing by drainage, said pack comprising a 
polymer foam pad of reticulated open-celled foam having a drainage tube sealed 
within the foam. 

17. A pack as claimed in claim 16 wherein said foam comprises 
more than about 95% interconnecting cells. 

18. A pack as claimed in claim 16 or 17 which includes connector 
means for connecting the tube to said canister or to a tube attached to said 
canister 

19. A pack according to any one of the preceding claims wherein the 
tube is fitted into the foam by an interference fit. 
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20. A canister for use in the apparatus as claimed in any one of 
claims I to 15 which comprises a moulded plastics container having an inlet for 
connection to a wound dressing pad and an outlet for connection to a suction 
pump, said outlet incoipomting a bacterial filter. 

21. A canister as claimed in claim 20 which includes deflector means 
for deflecting liquid sucked through the inlet in a direction towards the bottom 
of the canister 

22. A canister as claimed in claim 20 or 21 \\4iich includes an anti- 
foaming substance. 

23. A canister as claimed in any one of claims 20 to 22 which 
includes a gel-forming substance, which is capable of immobilising drainage 
fluids within tiie canister. 

24. Therapeutic apparatus is claimed in any one of the preceding 
claims which includes a tilt sensor adapted to give an audible and/or visual 
alarm when the apparatus is tilted beyond a predetermined angle from vertical. 
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D^cription 

[0001] The present invention relates to multilayer 
wound dressings for the treatment of damaged, burned, 
ulcerated or otherwise traumatised mammalian skin. 5 
[0002] The use of wound dressings to cover and pro- 
tect wounds is very well known. Preferably, the wound 
dressing should provide a sterile environment at the 
wound site and should rapidly absorb wound ^aidate 
while maintaining a moist wound surl^ce. The dressing io 
should Interfere as little as possible with wound healing 
arKi should be easy to rennove and replace with minimal 
trauma. Finally, the wound dressing should be ine)q>en- 
sive to make, compact and conformable to all skin sur- 
faces. 

[0003] US-A-4499d96 (Steven B. Heinecke) disck>ses 
a multilayer reservoh' wound dressing comprising an 
inner men^rane of conformable, moisture v^x>ur-per- 
meable. liquid water-fmpermeat>le material having at 
least one hole therein throu^ which exudate can pass, 
an intermediate absorbent layer, and an imperforate 
outer layer of a oonformatDle, moisture vapour-permea- 
ble, liquid-impermeable material. The wound dressing is 
secured to the skin by an acffiesive coating around the 
edges of the Inner membrane. Wbuhd exudate is 
absorbed through the holes in the inner merribrane into 
the intermediate absorbent layer. From there water 
vapour escapes through the semipermeable outer 
membrane. The remainder of the wound exudate other 
than water is retained in the intermediate layer. 
[0004] The reservoir wound dressing disclosed In US- 
A-4499896 suffers from the disadvantage that tissue 
ingrowth into the holes in the inner membrane can give 
rise to major trauma when the dressing is removed. 
[0005] EP-A-0441417 (The Kendall Conr^ny) dis- 
closes a conformable multilayer reservoir wound dress- 
ing similar to that described in US-A-4499896, but 
having multiple perforations in the inner membrane and 
an air-permeable window in the outer protective mem- 
brane. This structure win suffer from the same drawback 
as enumerated above for the structure dSscfosed in US- 
A-4499896. 

[0006] US-A-3888247 (Carl B. Stenvall) discloses a 
wound dressing comprising an inner microporous mem- 
brane, an intermediate absort)ent layer and an outer, 
protective alr-permesd^le tape. The inner mforoporous 
membrane is imperforate and is coated with pressure- 
sensitive adhesive over the whole of one side such that, 
in use, the entire surtece of the inner microporous mem- 
brane is adhered to ttie wound site. The inner micropo- 
rous membrane has pores ranging in diameter from 1 to 
20 microns with an average pore size of 15 microns. 
The resulting wound dressuig absoit)s wound exudate 
through the pores of the microporous inner membrane 
and is saki to provide improved wound healing and less 
scar formation than conventional wound dressings. 
[0007] EP-A-0031 018, which is the eariier puUication 
that comes cfosest to the present invention, describes a 



skin dressing especiailly suitable for the treatment of 
wounds. The dressing comprises a layer of aqueous 
polymer gel partially or completely encfosed in a water 
vapour- and gas-permeable membrane. The average 
pore size of the membrane is from 0.0003|im to lOfim. 
[0008] JP-A-60072557 describes a wound dressing 
material comprising a microporous polymer film having 
average pore size 0.01-lOO^m and a layer of biocom- 
patible polymer containing physiologically active sub- 
stance. 

[0009] JP-A-59051849 describes a laminated wound 
dressing comprising a layer of microporous polymer film 
having an average pore size of 0 OOOIjnm - 100^m. a 
ttiin liquid-atjsorbent layer, and a bioconrpatible polymer 
layer laminated in that order. 

[0010] JP-A-04282152 describes a porous PTF£ 
men^^rane for applicatfon to wounds. The membrane 
has a thickness of 120|im and an average pore size of 
0.2^m, 

[0011] It has now been found that a novel wound 
dressing conr^rising a liquid-permeable molecular filtra- 
tion membrane can provide ail of the above-enumerated 
advantages of the prior art and can additionally provide 
an improved environment for wound heating. 
[001 2] The present invention prosndies a wound dress- 
ing comprising: 

a molecular filtration membrane, said membrane 
being permeable to aqueous liquids; 
an intermediate layer overiying the molecular f iltra- 
tfon membrane and comprising a low molecular 
weight phannaceutfoal. a wound healir^) agent, a 
^owth factor or a microbickie capable of passing 
through the molecular filtration membrane; and 
an outer protective membrane overlying the inter- 
mediate layer on the side opposite from the molec- 
ular filtration membrane, characterized in that the 
molecular filtration meni^rane has a maximum pore 
size in the range of from 0.001 jim to O.Sfim, and the 
intemiediate layer is €fesoft>ent and further charac- 
terized in that the wound dressing also comprises a 
wound contacting layer underlying the molecular fil- 
tration membrane and comprising a bioabsorbable 
and hydrophilfo polymeric material that forms a gel 
in contact with wound exudate. 

[0013] Preferably the ma^mum pore size is in the 
range of from 0.01 fim to 0.5|im, More preferably the 
range is from 0.01 nm to 0.25^m and most preferably 
the range is from 0.02fim to 0.2^m. 
[001 4] Here and elsewhere in the description the term 
"maximum pore size" refers to the pore size as deter- 
mined by the Pall mforobial challenge test. This test is 
based on measuring the filtration performance of the 
mentbrane when challenged with laboratory test 
microbes of varying dimensfons. For example, if the 
membrane blocks the passage of Serratia marcescens 
the maximum pore size is 0.45j4m, If the membrane 
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blocks the passage of Pseudomonas diminuta (ATCC 
19146) then the maximum pore size is 0.2^m, and so 
on. The test microbes include viruses such as murine 
leukaemia viruses (maximum pore size 0.08 - 0.12 (im) 
and E Coli endotoxin molecules (maximum pore size 
0.001 fim). 

[001 51 The above<lef ined measurement of maximum 
pore size in the molecular filtration menitxane is the 
most appropriate for biological applications such as the 
wound dressings of the present Invention. Furthermore, 
it has also been found that there is good correlation 
between the maximum pore size as defined above and 
average pore sizes determined by physical methods 
sudi as gas permeability measurements or thermopo- 
rometry. Particularly good correlation is observed with 
average pore sizes determined by the Formal Flow Test 
(FFT) technique. In the FFT technique the flow of air 
through a wetted membrane is measured as a function 
of the pressure difference across the membrane. The 
pressure difference at which the rate of flow d air 
through the wetted memt>rane ceases to increase line- 
arly with increasing pressure difference is known as the 
KL value, and six>ws a strong Inverse correlation with 
the maximum pore size as defined abcve. 
[001 6] The maximum pore size as defined herein also 
correlates well with data from solute rejection experi- 
ments. 

[0017] The molecular filtration membrane may for 
example comprise polysu43hone, Nyion 66, celtuloise, d 
cellulose derivative, polyvlnylidene fluorkle, poly- 
urethane, PTFE, polylactic derivatives, polygiycoHc 
derivatives, insoliisle derivatives of naturally derived 
biopolymers and mixtures thereof. It will normally be 
imperforate, and highly conformable to the wound sur- 
face. 

[0018] The permeability to aqpjeous liquids of the 
molecular filtration membrane cam be controlled 1:^ 
adjusting the porosityt hydrophobidty and chaige of the 
membrane. In accordance with the present invention, 
the molecular filtration membrane is permeable to aque- 
ous liquids so as to allow even a heavy flow of wound 
exudate to wick rapidly through the membrane. This 
contrasts with the semipermeable membranes of prior 
art dressings, which are inpermeable to aqueous liq- 
uids. In the wound dresskigs according to the present 
invention high molecular weight components of wound 
exudate such as wound fieaiing factors, plasma pro- 
teins and the like are unable to pass through the molec- 
ular filtration merr^Drane and are retained at the wound 
site. Leucocytes and other cells cannot pass through 
the molecular filtration membrane and are reUiined at 
the wound site. Conversely, bacteria cannot pass 
through the mdecuteu' fiKralion membrane to infect the 
wound. 

[001 9] The muttilayered wound dressing according to 
the present invention provides an improved wound heal- 
ing environment at the wound site. It achieves this by 
retaining at the wound site those wound healing factors 



such as cytokines (e.g. TGFp. FGFp. EGF, PDGF. IL-1 
and others), glycosaminoglycans and proteins that have 
molecular weights too high to enable them to pass 
through the molecular filtration membrane. Useful low 
5 molecular weight hormcmes such as TGFp are retained 
at the wound site because they complex strongly with 
large molecular weight molecules such as gly- 
cosaminoglycans. At the same time, excess water and 
tow molecular weight molecules from the wound exu- 
10 date are swiftly removed through tiie molecular filtration 
men^rane Into the absorbent layer. The overall effect of 
tfie molecular filtration membrane is thus actually to 
increase the concentration at the wound site of the high 
molecular weight wound healing compounds atx>ve the 
IS concentration that occurs naturally in wound exudate. 
The absence of the higher molecular weight chemotac- 
tic factors fi-om the absorbent layer he^ to prevent tis- 
sue ingrowvth into the €±>sorbent layer, thereby reducing 
wound trauma when the dressing is removed. Further- 
so more, the wound dressing is particularly advantageous 
for use in conjunction with wound healing ointments or 
the like that contain high molecular weight wound heal- 
ing factors, because the molecular filtration membrane 
prevents the wound healing factors being diluted and 
25 washed away into ttte absort>6nt layer by tiie flow of 
wound exudate. 

[0020] In the wound dressing according to the present 
invention the molecular filtration membrane is attached 
to the body over a wound site. The means of attachment 

30 wai normally be a pressure-sensitive adhesive bonded 
to skin around the wound site. Suitable adhesives 
include acrylic polymer adhesive well known in the 
wound dressing art, such as the copolymers of butyl 
acrylate and butyl methacrylate. The adhesive may be 

35 applied to the molecular filtration membrane as a layer 
extending around the perimeter of the membrane leav- 
ing the c^al part of the membrane free from ^he- 
sive. Alternatively, the adhesive may be provided on a 
second memlxane such as a semqDermeable mem- 

40 brane extending around and beyond the edge of the 
molecular filtration membrane and adhesively bonded 
to the molecular filtration membrane. The adhesive may 
^end over the whole of one side of the second mem- 
t>rane or only over a marginal portion of the second 

45 membrane. The quantity of adhesive emptoyed will usu- 
ally be from 20g/hii2 to SOg/m^. and preferably from 
35g/m?to45g/m2. 

[0021] The wound dressing according to the present 
irwention will also comprise an absorbent layer atop the 

so molecular filtration membrane to absoriD wound exudate 
passing through the molecular filtration membrane. The 
absoris^ layer is hekl in place by an outer protective 
membrane atop the absorbent layer. The outer protec- 
tive membrane also prevents exudate absorised in tiie 

55 absoriDent layer from leaking out to stain clothes or bed- 
clothes. 

[0022] The outer protective membrane is preferably a 
semi-permeable membrane, such as one of tiie semi- 
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permeable pdyuretiane membranes widely used in tfie 
wound dressing art. tn this context "semi-permealsle** 
means thiat the membrane is permeable to water vapour 
and air but impermeable to aqueous liquids. Typically 
the water vapour permeability will be in the range of 
from 1000g/m^/24hr to 3000g/m^/24hr. Continuous 
polyurethane f ilms having such properties are available 
under the Trade Mark PLATIIjON from Plate Bonn 
GNnt>H, Bonn, Germany. Such a membrane has 
extremely small pore size (typically less than 1 pm) and 
is therefore an effective bacterial barrier. 
[0023] Preferably the outer protective membrane 
extends beyond the edges of the molecular filtration 
membrane and the absorbent layer and is provided with 
an adhesive coating as described above for attaching 
the multilayered wound dressirtg to the skin over the 
wound. 

[0024] The absorbent layer is preferably conpietely 
enclosed between the inner molecular filtration mem- 
brane and the outer semipermeable membrane. 
Accordingly, a wide range of absort^ent materials such 
as fabrics, superabsorbents, foams or particulate 
absorbents may be used as or in the absorbent layer. 
The absorbent materials shoukf be conformable and 
also should not react or hydrdyse in the presence of 
wound exudate to give low-molecular weight fragments 
that could diffuse back through the molecular filtration 
membrane and interfere with wound healing. The 
absorbency of the absorbent layer will normally be in 
the range of from 500g/m^ to ICOOOgAti?. The interme- 
diate absort>ent layer may also contain low molecular 
weight microbicides such as chlorhexidine that can dif- 
fuse back through the molecular filtration membrane to 
maintain a sterile environment in the wound. The 
absorbent layer additionally or alternatively contains 
other low-molecular weight active ingredients such as 
humectants (e.g. glyceroQ. oligosaccharKles or oli- 
gopeptides that can be benefrcial to wound healing, or 
materials pharmacologically active on wound healing 
such as pharmaceuticals and growth factors. 
[0025] The multilayered wound dressing according to 
the present invention further comprises a wound con- 
tact layer attached to the molecular filiation memtxane 
and formed from a bipabsoii>able material that forms a 
wound-friendly and bloabsoit>able gel on contact with 
wourxJ exudate. 

[0026] Accordingly, the wound contact layer com- 
prises a bioat>sorbable and hydrophiiic polymeric mate- 
rial. This may be one of the well known synthetic 
bk>absort>able polymers such as polyglycolic acid, poly- 
lactic ackJ or copolymers therec^, or the K-Y gel matrix 
disclosed in co-pending Patent Appfication EP-A- 
0532275. Alternatively, or additionally, ttie layer may 
comprise a natural bioabsort^able polymer such as col- 
lagen, chitin. keratin, an alginate, guar gum, locust bean 
gum or derivatives or mixture thereof. The layer also 
may comprise a bioafc)Sort>able polymer formed by 
chemically modifying a natural substance, for example. 



oxidised cellulose or chitosan or a cross-linked 
hyaluronfo add gel such as the kind described in GB-B- 
2168067 (Biomatrix Inc.). 

[0027] The wound contact layer preferably also com- 

5 prises one or more compounds that are known to assist 
wound healing, such as cytokines, protease inhibitors or 
glycosaminoglycans. The preferred wound healing 
agents are tiie glycosaminoglycans. such as dermatan 
sulphate, chondroitin sulphate, heparin, heparan sui- 

10 phate. hyaluronic acid or derivatives or mixtures thereof. 
fp02B] Additionally, the wound contact layer may con- 
tain antibodies directed against factors associated with 
wound healing or against receptors for these factors in 
Older to modulate the levels of these foctors (for exam- 

16 pie growth factors such as TGFpl) and therefore alter 
wound healing rates and/or scar tissue formation. 
[0029] Preferably tiie wound contact layer (X}rTprises 
collagen, either witii or without the addition of a gly- 
cosaminoglycan, preferably diondroitin sulphate. The 

20 wound contact layer may also comprise a humectant 
such as a polyhydric akx>hol and/or an antiseptic such 
as ct^orhexkline, and/or an antibiotic. 
0)030] The wound contact layer absoit>s wound exu- 
date and provides a bfocompatiWe wound-friendly envi- 
es ronment. Preferably, the wound contact layer absorbs 
wound exudate to form a bioabsorbable gel, tiiereby 
reducing the risk tiiat liquid exudate will leak out of the 
dressing and soil clothes or bedclothes. The layer of 
wound-friendly gel prevents the wound contact part of 

30 tiie dressing from adhering to the wound, and so makes 
removing and replacing the vvound dressing very ea^ 
and non-traumatic. Even more importantiy. a bioabsorb- 
able gel layer can function as a slow release matrix for 
wound healing substances such as glycosaminogly- 

35 cans, protease inhitjitors, added cytoWnes/growtii fac- 
tors, antilxxJies or other pharmacological modulators of 
wound healing. Likewise, the same layer can function as 
a stow release matrix for antiseptics or antibfotics. 
[0031 ] Furtiiermore. many gel-forming bfoabsorbable 

40 t>iopolymers are tiiemselves known to assist wound 
healing. They Include glycosaminoglycans. collagen, 
chitin and tiie alginates. Such substances are preferred 
constituents <rf the wound contact layer. They are pre- 
fen-ed on account of their abundance, availability from 

46 natural sources, low cost and well-understood proper- 
ties. Biopdymer-containing films can be made with con- 
trolled bioabsorptfon rates. For example, heating or 
glycosylating collagen will speed up tiie rate at which it 
is bioabsorbed, whereas cross-linking collagen will 

60 reduce tiie rate of bioat)sorption. In this way tiie rate at 
whfoh the wound contact layer delivers active agents to 
tiie wound can be optimised. 

IP032] vyfound healing compositions comprising a col- 
lagen matrix containing a glycosaminoglycan wound 
55 healing agent are disclosed, for example, in EP-A- 
0251695 and EP-A-0314109 (botii to University of Med- 
icine and Dentistry of New Jersey). 
[0033] The bioabsorbable gel wound healing compo- 
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sitions are espedaHy advantageous when used in con- 
juncficHi with wound dressings according to the present 
invention because the molecular f iltration men^rane of 
the wound dressing holds the gel in contact with the 
wound without allowing any of the high molecular^ 
weight gel to pass through into the absorbent layer of 
the dressing. At the same time, excess liquid exudate 
from the wound can pass rapidly through the molecular 
filtration membrane to be absorbed by the Intermediate 
absoibent layer. Conversely, low molecular weight 
active compounds from the absorbent layer can flow 
back through the molecular filtration membrane and dif- 
fuse into the get wound contact layer. Finally, tiie wound 
dressing niaintelns a sterile environment in the wound 
contact layer. 

[0034] The wound contact layer may be formed by 
depositing a mixture of the constituents in solution, 
dried or gel form on the wound contacting surface of the 
molecular filtration membrane followed by evaporating 
the solvent to leave a dried film that swells to form the 
wound contact layer when it absort)s liquid wound exu* 
date. The w^ght per unit area of the dried film is prefer- 
ably in the range from 30g/m^ to 600g/m^, and more 
preferably from 70g/m^ to 210g/m^. 
[0035] An emtxxiiment of the present invention will 
now be described in detail, by way of example, with ref- 
erence to the accompanying drawing. The drawing 
shows a cross-section through a multiiayered wound 
dressing according to the present invention. 
[0036] The multiiayered wound dressing 1 comprises 
an outer protective membrane 2, an intermediate 
absorbent layer 3, a molecular filtration membrane 4 
and a wound contact layer 5. The wound dressing fur- 
ther comprises a layer of pressure-sensitive adhesive 6 
and a release-coated protective film 7. 
[0037] The outer protective membrane 2 Is an imper- 
forate semi-permeable membrane formed from the 
semi-permeable polyurethane film sold under the Trade 
Mark PLATILON by Plate GmbH. Bonn. Germany, and 
well known in the wound dressing art. The membrane is 
impermeable to liquids but permeable to water vapour. 
[0038] The outer protective membrane 2 extends 
beyond the edges of the other l^ers 3, 4, 5 of the 
wound dressing to form a marginai portion 8. The outer 
protective membrane 2 is coated on one side with pr^- 
sure-sensitive adhesive 6. The adhesive exterxis onto 
the marginal portion 8. where it is used for attaching tiie 
wound dressing to the sWn of the patient. Depending on 
the overall dimensions of the wound dressing the adhe- 
sive-coated marginal portion will be from 10 to 20mm 
wide. The molecular filtration membrane and the adhe- 
slve-ooated marginal portion form an effective bacterial 
seal over the wound. 

[0039] The intermediate absorbent layer 3 consists of 
a layer of the absorbent material sold urxier the Regis- 
tered Trade Mark TOPPER and a layer of polyurethane 
foam. The pad is held in place by the adhesive layer 6. 
[0040] The molecular filtration mernbrane 4 is a micro- 



porous hydrophiyc ultrafiltration membrane made of pol- 
yvir^id^e fluoride and available under tiie Trade Mark 
"Emflon ir from Pall Corporation. East Hills, NY 1 1544. 
U.S.A. The membrane has a maximum pore size of 

5 0.2pm as determined by the Pall microbial challenge 
test. That is to say, the membrane excludes the bacte- 
rium Pseudomonas diminuta (ATCC 19146). which has 
a nominal size of 0.2}im. but allows Achoteplasma 
Laidlawii witii a nominal size of 0. 1 ym to pass through. 

10 [0041 ] The effective molecular weight filtration limit of 
the molecular filtration m^nbrane under wound healing 
conditions can be determined by means of a solute 
rejection ecperiment as follows. A multiiayered wound 
dressing of the kind described herein is immersed in 

IS plasma containing defined amount of radfoactively 
labelled protein, glycosaminoglycan or complex having 
a defined molecular weight. The wound dressing and 
plasma are incubated at 37*C for 24 hours. The dress- 
ing is then removed and dissected into its individual 

20 components for determination of radioactive content. 
Examination of tiie radioactive content of the absorbent 
layer shows whetiier protein of the defined molecular 
weight has been absort>ed throus^ the molecular 
weight filtration memt>rane. and examination of the 

25 molecular weight filtration memtyane itself shows the 
level of adsorption by tills membrane. The adsorption 
result gives an indication of adherence. The molecular 
weight filtration limit is defined as that molecular weight 
which is 90% rejected by the molecular filtration mem- 

30 brane. 

[0042] The molecular filtration membrane 4 extends 
beyond the edge of the absorbent layer, and the periph- 
ery of the molecular filtration lay®' is adhered to the 
outer protective merrtorane 2 by the adhesive layer 6. In 

35 this way tiie abso<t>ent layer 3 is entirely enclosed by tiie 
mennbranes 2 and 4 thereby preventing any leakage of 
fluid absorbed Hfi the absorbent layer. 
[0043] The nnolecular filtration membrane 4 Is 
hydrophilic to assist wicking of exudate through the 

40 merrtorane. The porosity of tiie membrane is selected to 
provide tx>tii tiie requisite molecular weight filtration 
limit and high permeability to aqueous liquids. 
[0044] The wound contact layer 5 Is a layer of dried 
oollagen/glycosaminoglycan/glycerol that forms a 

45 wound-friendly bk>ab60rt>able gel In contact witii wound 
©cudate. The glycosaminoglycan is chondroitin sul- 
phate and the ratfo of chondroitin sulphate:coHa- 
gen:glycerol is 9:9:2 by weight. This t>ase formulation 
can be used as a carrier for further active ingredients 

50 such as growtii factors. 

[0045] The above wound contact layer oonposition is 
prepared as a mixed aqueous solution, coated onto the 
molecular filtration membrane 4 and dried in air at 70 ''C 
for 3 hours to form a dear transparent film. The weight 

55 per unit area of tiie dried film is approximately 1 50g/m^. 
[0046] The wound contact layer 5 and the exposed 
part of the adhesive layer 6 are protected prior to use by 
a release-coated protective membrane 7. The protec- 
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tive membrane is fomfied from paper release-coated 
witfi a silicone. 

[0047] The multllayered wound dressing is packaged 
in a liermeticaliy sealed envelope and sterilised by 
gamma-irradiation, autodaving or other suitable meth- 
ods. Alternatively, the sterilisation may be carried out 
before the packaging step. In either case, a sterile 
wound dressing is produced. 
[0048] The resuKtaig wound dressing is conformablep 
absorbent and easy to replace with minimal wound 
trauma. The wound dressing provides a layer of wound- 
friendly bioabsorbable gel in contact with the wound. 
The molecular filtration membrane rapidly removes liq- 
uid wound exudate into the absorbent layer while pre- 
venting passage of natural wound healing factors or the 
high molecutar-weiglit connponents the wound con- 
tact layer Tlie smooth surface and small pore size of 
the molecular weight filtration membrane prevent 
ingrowth of cells so tiiat trauma upon removal of the 
dressing is minimised. The wound dressing retains liq- 
uid wound exudate hygienicaliy In the enclosed absorb- 
ent layer. Finally, the dressing acts as an effective 
bacterial barrier. 

[0049] A number of possible nrxxlif ications of the mul- 
tllayered wound dressings according to the present 
invention have been incficated above. 

Claims 

1. A wound dressing (1) comprising: 

a molecular filtration membrane (4), said mem- 
brane being permeable to aqueous liquids; 
an intermediate layer (3) overlaying the molec- 
ular filtration membrane (4) and comprising a 
low molecular weight pharmaceutical, a wound 
healing agent, a growth teclor or a microbtoide 
capable of passing through the mpleodar f iltra- 
tion menfitM'ane (4); and 
an outer protective memt>rane (2) overlying the 
intermediate layer (3) on the side opposite from 
the molecular filtration membrane (4), 
characterized in that the nrK)lecular filtration 
membrane (4) has a maximum pore size in the 
range of from 0.001 ^m to 0.5|im and the inter- 
mediate iayer (3) is absort3ent, and further 
characterized in that the wound dressnig also 
comprises a wound contacting layer (5) under- 
lying the molecular filtration membrane (4) and 
comprising a bioabsorl>able and hydrophilic 
polymeric material that forms a gel in contact 
with wound exudate. 

2. A wound dressing according to C^aim 1 wherein the 
molecular filtration memlxane (4) lias a maximum 
pore size in the range of from 0.01 ixm to 0.5|im. 

3. A wound dressing according to Claim 1 or Claim 2 



wherein the molecular filtration membrane (4) has a 
maximum pore size in the range of from 0.01 ^m to 
0.25^m. 

5 4. A wound dressing according to Claim 1, 2 or 3 
wherein the molecular filtration membrane (4) has a 
maximum pore size in the range of from 0.02|im to 
0.2pm. 

10 5. A wound dressing according to any preceding daim 
wherein the molecular filtration membrane (4) com- 
prises polysulphone, Nylon 66. cellulose, a cellu- 
lose derivative. polyvinylidaie fluoride, 
polyurethane, polytelrafluoroelhylene (PTFE). poly- 

16 lactic derivatives, polyglycolic derivatives, insoluble 
derivatives of naturally derived biopolymers and 
mixture thereof. 

6. A wound dressing according to any preceding 
20 daim, wherein the outa- protective membrane (2) is 

semipermeable. 

7. A wound dressing according to any preceding daim 
wherein the otti^ protective membrane (2) extends 

2S beyond the edges of the molecular filtration mem- 
brane (4) and the int^mediate absorisent layer (3). 
arxJ is provided with an adhesive coating (6) for 
attaching the vwund dressing (1) over a wound. 

30 8. A wound dressing according to any preceding 
daim, wvherein the wound contacting layer (5) com- 
prises coHagen, chitin, iJbnn, laminin, fibronectin, 
an alginate, a glycosamkioglycan. or derivatives or 
mixtures thereof. 

35 

9. A wound dressing according to any preceding daim 
wherein the wound contacting layer (5) comprises a 
polyfiydric akx>h6l. 

40 10. A wound dressing according to any preceding daim 
wherein the wound contacting layer (5) comprises a 
collagen and a glycosaminoglycan. 

11. A wound dressing according to any preceding daim 
45 wNch is sterile. 

PatenfansprOche 

1. Wundverband (l), welcherunfifa^relneMolekQtfil- 
so trationsmembran (4), wobei die Menrtbran for was- 
rlge FIQssigkeiten durdildssig ist; 

Eine Zwischenschk;ht (3), die Qber der l^ole- 
kamitrationsmmibran (4) liegt und ein Arznei- 
ss mittel mit niedrigem Molekulargewicht, em 

Wundheiiungsmittel, einen Wachstumsfaktor 
Oder ein Mikrobizid umfaBt. die in der Lage 
sind, durch die Mdekulfiltrationsmembran (4) 
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hindurchzutreten; und 

Eine fiuSere Schutzmembran (2), die uber der 
Zwischenschicht (3) auf der der Molekulfiltrati- 
onsmembran (4) abgewandten Seite liegt, s 
dadurch gekennzeichnet. da3 die Molekulf iltra- 
tionsmembran (4) eine maximale PorengrdBe 
im Bereich von 0,001 |im bis 0.5 pvn besHzt und 
die Zwischenschicht (3) absorbierend ist, und 
weiter dadurch gekennzeichnet, daB der io 
Wundverband auch eine Wundf^ntaktschicht 
(5) umfaSt, die unter der MdekOlf iltrations- 
membran (4) liegt urxJ ein bidogisch absorbier- 
iDares gnd hydrophiles potynneres Material 
umla6tp das ki Kontakt mit Wundexsudat ein is 
Gelbildet 

2. Wundverband nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Molekulfiltrationsmembran (4) 
eine maxiniale PorengrOBe im Bereich von 0.01 pm 20 
bis 0,5 p.m besitzt, 

3. Wundvert^and nach Anspruch 1 Oder Anspruch Z, 
dadurch gekennzeichnet, daB die MdekCHfStrati- 
onsmenbran (4) eine maxiniale PorengfCBe im ^5 
Bereich von 0,01 iim l3is 0,25 |im besitzt. 

4. Wundverband nach Anspruch 1 , 2 oder 3. dadurch 
gekennzeichnet, daB die Molekaifiltrationsmem- 
bran (4) eine maximale PorengrOSe im Berek;h von 30 
0,02 pm bis 0,2 Mm besitzt. 

5. Wundvert>and nach einem der vorangeherden 
AnsprOche. dadurch gekennzeichnet. daB die 
MolekQIfiltrationsmentoran (4) Polysulfon, Nylon 66, ss 
Celluk)se. ein CeikJk)6ederivat Pblyvinylidenfluo- 
rkl, Polyurethan. Polytetrafluorethylen (PTFE). 
Poiymilc^urederivate, PolygiykolsdurederivaAe, 
unlOsiiche Derlvate von naturliche gewonnenen 
Biopolymeren und Mischungen derselben umfaBt. 40 

6. Wundveit>and nach einem der vorangehenden 
AnsprOche, dadurch gekennzeichnet, daB die 
duBere Schutzmembran (2) halbc&irchldssig isL 

46 

7. Wundverband nach einem der vorangehenden 
AnsprOche, dadurch gekennzeichnet. daB die 
andere Schutzmembran (2) sich Ober die Kanten 
der MolekQIfiitrationsmembran (4) und der absor- 
bierenden Zwischenschicht (3) hinaus erstreckt so 
und mit einer Klebebeschichtung (6) zum Pixier^ 
des Wundverbandes (1) Ober euier WUnde verse- 
hen ist. 

8. Wundvert^and nach einem der vorangeherKlen ss 
AnsprOche, dadurch gekennzeichnet, daB die 
Wundkontaktschicht (5) Kbilagen. Chitin, Fibrin. 
Laminin, Fibronektin. ein Algtnat, ein Qlykosamino- 



glykEui Oder Derivate oder Mischungen derselben 
umlisiBt. 

9. Wundverband nach einem der vorangehenden 
AnsprOche, dadurch gekennzeichnet, daB die 
Wundtontaktschteht (5) einen mehnwerfigen Alko- 
hol umfaBt. 

10. Wundverband nach einem der vorangehenden 
AnsprOche. dadurch gel^nnzeichnet, daB die 
Wundkontaktschicht (5) ein Kbilagen und ein Gly- 
kosaminogiykan umfaBt. 

11. Wundverband nach einem der vorangehenden 
AnsprOche. d^urch gekennzek;hnet. daB er steril 
ist. 

Revendications 

1. Pansement (1) comportant : 

♦ une men*rane de filtration mol6culaire (4). 
ladite membrane 6tant permeable k un liquide 
aqueux; 

♦ une couche interm§diaire (3) recouvrant la 
membrane de filtration mol6culaire (4) et com- 
portant un produit pharmaceutique de faiWe 
poids nf>ol6culaire. un agent de cicatrisation de 
la blessure. un facteur de croissance ou un 
agent mk^-obidde capable de passer k travers 
la membrane de filtration moltoilaire (4) ; ^ 

♦ une membrane ext§rieure protectrice (2) 
recouvrant la couche interm^iaire (3) du c6t6 
oppose k la membrane de filtration md^cutaire 
(4). 

caract^ris^ par le fait que la membrane de fil- 
tration mol6culaire (4) pr6sente une dimension 
maximale de pore sur la plage aHant de 0,001 
lixn k 0.5 nm et que la couche interm^diaire (3) 
est absorbante. et caract^ris^ en outre par le 
fait que le pansement comporte 6galement une 
couche (5). en contact avec la blessure. sous- 
jacente k la membrane de filtration mol6culaire 
(4) et conrtportant un mat^iau pdym^re bioab- 
sorbable et hydrophile qui forme un gel au con- 
tact avec Texsudat de la blessure. 

2. Pansement selon la revendication 1 , dans lequel la 
membrane de filtration mol^culaire (4) pr6sente 
une dimension maximale de pore sur la plage altant 
de 0,01 ^m k 0,5 pm. 

3. Pansement selon la revendication 1 ou la revendi- 
cation 2, dans lequel la membrane de filtration 
mol^ulaire (4) pr^sente une dimension maximale 
de pore sur la plage allant de 0.01 \jm k 0,25 ^m. 

4. Pansement selon la revendication 1, 2 ou 3, dans 
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lequel la membrane de f iftration moldculaire (4) pr6- 
sente une dimension maximale de pore sur la plage 
allant de 0,02 ^m k 0,2 pm. 

5. Pansement seion Tune queloonque des revendica- s 
tlons pr^cddentes, dans lequel la membrane de fil- 
tration mol^laire (4) comporte une polysulfone, 
un Nylon 66, une cellulose, un 66tw6 de cellulose, 
un fluorure de polyvinyliddne, un polyur^thane, un 
polyt6trafluoro6thyl6ne (PTFE), des d6rlv6s poly- io 
lactiques, des d^riv§s polyglycoliques, des d^riv^s 
insdubles de biopolymdres d^riv^s naturellement 

et l^rs melanges. 

6. Pansement sekm l-une quelconque des revencRca- ts 
tions pr6c6dentes dans lequel la membrane ext6- 
rieure protectrice (2) est semi-perm^le. 

7. Pansement selon Tune quelconque des revendica- 
tions pr^c^entes dans lequel la membrane ext6- 20 
rieure protectrice (2) s*dtend au-del^ des bords de 

la membrane de filtralion mol^laire (4) et de la 
couche interm^iaire absorbante (3) et est pr^vue 
avec un rev§tement adh6sif (6) pour attacher le pan 
sement(1}sur uneblessure. 2S 

8. Par^ment seion Tune quelconque des revendica- 
tions pr^c^entes dans lequel la couche (5) en con- 
tact avec la biessure comporte du collagdne, de la 
chittne, de la f ibrine. de la laminine, de la fbronec- so 
tine, un alginate, une glucosaminoglucane, ou leurs 
d^riv^s ou leurs melanges. 

9. Pansement selon Tune queloonque des revendica- 
tions pr^^entes dans lequel la couche (5) en con- ss 
tact avec la biessure comporte un atcod 
poiyhydrique. 

10. Pansement selon Tune quelconque des revendlca- 
tions pr6c6dentes dans lequel la couche (5) en con- 40 
tact avec la biessure comporte un collag^e et une 
glucosaminoglucane. 

11. Pansement selon 1*une quelconque des revendlca- 
tionsprScMentesqiH est stalls. 4S 
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